Malaysia is gradually experiencing scarcity of available land for development. As such, the local government is currently looking into the possibility of employing high-end and largescale incineration processes to address this issue. MSW as a combustion source for thermochemical conversion application, represents a two-pronged approach in solving its disposal dilemma as well as providing a source of energy fuel. This paper highlights the current issues and future directions as well as energy recovery initiatives associated with incineration of MSW in Malaysia. In Malaysia, energy recovery initiatives are focused on application of waste-to-energy (WTE) as well as refuse-derived fuel (RDF) technologies.
Abstract
Municipal solid wastes (MSW) disposal and treatment essentially pose problems in many countries due to their voluminous characteristic. The customary means of MSW management is via landfill disposal but its dependency is gradually being limited by developed countries due to environmental concerns. Even though not apparent as it seems, Malaysia is gradually experiencing scarcity of available land for development. As such, the local government is currently looking into the possibility of employing high-end and largescale incineration processes to address this issue. MSW as a combustion source for thermochemical conversion application, represents a two-pronged approach in solving its disposal dilemma as well as providing a source of energy fuel. This paper highlights the current issues and future directions as well as energy recovery initiatives associated with incineration of MSW in Malaysia. In Malaysia, energy recovery initiatives are focused on application of waste-to-energy (WTE) as well as refuse-derived fuel (RDF) technologies.
Aspects regarding MSW landfill gas capture and energy generation are also discussed since they may directly influence (or potentially compete against) the widespread adoption of RDF technologies. A relatively successful RDF pilot plant in Malaysia is highlighted as
Introduction
Malaysia occupies a total land area of 328,550 km 2 and is divided between Peninsular and East Malaysia. The country has a population of approximately 27 million and population density of 79.87 per km 2 . Over the past 20 years, Malaysia has achieved remarkable economic growth which has brought about exponential population growth in addition to high influx of foreign workers. This has directly resulted in an increase in the amount of generated municipal solid waste (MSW). MSW is generated by households, commercial activities and other sources whose activities are similar to those of households and commercial enterprises, for example, wastes from offices, hotels, supermarkets, shops, schools, institutions, and from municipal services such as street cleaning and maintenance of recreational areas [1, 2] . The average MSW generation is 0. [5] . Therefore, only the other two concessionaires remain and currently in operation.
The traditional method of MSW disposal in Malaysia is via landfilling practices but its dependency is gradually being limited due to acute land shortage, aesthetic factors as well as pollution arising from odors and pests. Landfill is an area of land (normally derelict)
where waste is deposited [2] and concentrated for up to 20 years before permanently 'sealed'. Due to the lack of emphasis on landfill management aspects, Malaysia is currently facing grave problems associated with landfill pollution and improper waste disposal practice; the latter is considered as one of the three main environmental problems faced by most municipalities, besides water and air pollution [5] . Recently, new problems from both active and closed landfills due to water source pollution have forced the government to form a special cabinet committee to propose a more comprehensive waste management structure for the country, especially within densely populated regions. One of the recommendations is incineration which acts as an alternative to landfill for MSW treatment [6] . This paper, therefore, highlights current salient issues and future direction as well as energy recovery initiatives related to incineration of MSW in Malaysia. The usage of Malaysian MSW as a combustion source for thermochemical conversion application represents a two-pronged approach in solving its disposal dilemma as well as providing a source of energy fuel (similar to local indigenous biomass) [7, 8, 9] . It should be noted that clinical waste incineration is precluded from this review and readers interested in such wastes are directed to a related report [10] .
5

Composition of Malaysian MSW
The composition of MSW in Malaysia differs from one place to another. Among some of the factors that might influence the composition of MSW produced in a specific location are the extent of reduction, reuse and recycling (3R's) programs and also the duration of year [11] . The latest research data on composition of Malaysian MSW are given in Table 1 .
The main components of Malaysian MSW are food, paper and plastics, which make up approximately 80% of the waste by weight. The average moisture content of the MSW is about 55%, making incineration a challenging task [12, 13] . Nonetheless, it should be noted that high percentages of combustible materials such as organics and paper may somewhat offset this concern. This is because organic materials are generally amenable to incineration since it destroys the organic fractions and convert them to CO 2 and water vapor [14] . A recent study indicates that typical Malaysian MSW have good potential for energy generation via incineration [15] .
Current issues on incineration of MSW
The main rationale of using incineration technology for MSW management is to reduce the volume of the MSW by as much as 95%. In Malaysia, almost 99% of MSW management is via landfilling while incinerators have been used only on a very small scale basis [16] . Most MSW are currently disposed into poorly-managed "controlled tipping"
systems with little or no pollution protection measures [17] . island's two 3-tonne incinerators [20] . However, the use of these incinerators has been discontinued recently due to the high cost of operation arising from the high moisture content of the waste, which contributed to high fuel costs and poor technical expertise in maintaining the incinerators. As a consequence, it has become a challenge to find an incineration technology that is capable of incinerating wastes with high moisture content 7 accompanied by a low calorific value and at the same time operates at a low cost in comparison to the relatively cheap landfilling method [6] .
Generally, the cost of landfilling is lower than the cost of incineration but over the years, environmental specialists have proven that landfills generated more net CO 2 emissions and incineration of the waste coupled with recycling and recovery of energy reduces the emission while saving cost of energy production through fossil fuel [21] . In
Malaysia, prior to construction and installation of incinerators, an Environmental Impact Assessment (EIA) report must be produced and subsequently approved. In addition, the Department of Environment (DOE), Malaysia, may impose requirement of air pollution control systems and other operating conditions [22] . Once the installation process is Environmental Protection Agency (USEPA). However, proponents of incineration processes argue that toxic emissions from such processes (dioxin and furan) are significantly lower in concentrations compared to other processes which are deemed safe (for example, sewage processes). Many proponents also added that many developed countries such as Japan have been using incineration technologies in urban areas for decades.
Broga incinerator project
A very high-profile case that concerns the incineration of MSW in Malaysia is the proposed and subsequent scrapping of the controversial Broga incinerator project [24] . This proposed 1500-ton incinerator project, if built, will become one of the biggest incinerators in Asia. It was to be built by a consortium consisting of an overseas contractor and a local 9 industrial partner and the proposed site was located near a university and water catchment area as well as surrounded by vegetable farms, palm oil and fruit plantations [25] . Due to a highly publicized public outcry as well as high capital expenditure (approximately USD400 million) and maintenance costs, it was subsequently scrapped. In the past few years, there have been many more proposals to install incinerator plants in Kuala Lumpur, Selangor, Kuantan, Cameron Highlands, Penang and other major towns in the country [24] .
Energy recovery from incineration of MSW
Small Renewable Energy Power Program
Renewable energy has been a focus of Malaysia since 2001 which aims to lessen her dependence on fossil fuels. A premier policy mechanism called Small Renewable Energy
Power (SREP) program was implemented by the national government to promote smallscale renewable electricity in Malaysia from 2001 to 2010 [25, 26] . One of SREP's main objectives was to promote Malaysia's Fifth Fuel Policy of diversifying from oil, gas, coal, and conventional hydroelectricity into alternative renewable energy sources such as biomass, biogas, municipal solid waste, solar, and mini-hydroelectricity and achieving 5 % of national electricity supply from renewable resources by 2005 [27] . This program was not a success, though it did churn out a few viable renewable energy initiatives such as incineration of MSW and landfill gas capture (the former will be further discussed as follows).
Refuse-derived fuel
Energy recovery from incineration of MSW has been practiced in many developed nations since several decades ago in an effort to promote sustainable development initiatives. to note that RDF is basically a specialized subset of WTE technology in which the latter requires more pre-processing steps prior to actual incineration. Puchong, respectively. In the case of the former, approximately 3,600 m 3 /hr of landfill gas (60% methane) is captured to generate power through a 1-MW gas engine while unused methane is destroyed using flares [27] . For the Air Hitam sanitary landfill, its gas contains about 55% methane and its generated 2 MW energy is transported to the national grid [25] .
Overall estimates on the generation of MSW landfill gas in Malaysia have been recently reported [29, 30] Lumpur (45,500) in year 2010 [29] are not surprising given the very high household food and commercial products consumption in these two highly urbanized states. An interesting fact is that the equivalent electricity generation in 2010 alone is ca 2.20  10 9 kWh which is estimated to be about 1.5% of the total Malaysia energy requirement [30, 32] . In addition, it can be clearly seen that the estimated methane emission and its corresponding equivalent electricity generation undergo rapid increases year after year which are projected to 13 culminate to 371,696 tonnes and 2.63  10 9 kWh, respectively, in 2020. These figures evidently point to the significance of this type of energy in the future which may directly affect (or compete against) the use of RDF as a prominent type of alternative/renewable energy in Malaysia.
Future directions on incineration of MSW
It can be said that utilization of more incinerators, be it small-or large-scale in (1) application of tourist eco tax on island visitors; (2) application of consumption tax on goods; (3) application of assessment tax on commercial establishments; (4) application of recycling subsidy; and (4) application of waste disposal charge [20] . The general concept of these key economic instruments is illustrated in Fig. 5 . These applications, if successfully implemented, would lessen the reliance on small incinerators in the future.
Conclusions
It is deemed that application of large-scale incineration technologies in Malaysia is Malaysian tourist islands [18] . 
